BACKGROUND {#Sec1}
==========

Most policy interventions to address the COVID-19 outbreak in the USA have focused on "flattening the curve"---an approach to spread out hospitalizations over a longer duration to avoid overwhelming the healthcare system.^[@CR1]^ The forecasting models informing these policy decisions make assumptions about the relation between the number of COVID-19 cases, hospitalizations, intensive care unit (ICU) demand, and subsequent impact on mortality.^[@CR2]^

OBJECTIVE {#Sec2}
=========

To quantify the association of daily ICU and non-ICU hospital use by COVID-19 patients on overall COVID-19 mortality.

METHODS {#Sec3}
=======

We used data from the University of Minnesota COVID-19 Hospitalization Tracking Project^[@CR3]^ from the 23 states who reported daily data on current COVID-19 hospitalized patients in ICU and non-ICU beds between March 20 and June 4. The unit of observation was a state-day. The outcome variable was defined as the number of COVID-19 deaths over the next 7 days, including the current day. The exposure variables were current ICU use and non-ICU use. The ICU use was calculated as the number of current COVID-19 ICU patients expressed as a percentage of the total ICU beds.^[@CR4]^ The non-ICU use was calculated similarly. We used generalized estimating equations models with a negative binomial distribution, log link, and an autoregressive one-error structure. The model adjusted for the 3-day lags of ICU use and non-ICU use, as well as the cumulative number of cases,^[@CR5]^ incident cases in the last 7 days, indicators for the state, week of the year, and day of the week. We reported adjusted changes in COVID-19 deaths over the next 7 days when either ICU or non-ICU use exposure variable increased by 1% point. Robust standard errors and 95% confidence intervals were reported. All analyses were conducted using STATA v16.0.

FINDINGS {#Sec4}
========

There were a total of 1056 observations across the 23 states during the study period. The average COVID-19-related ICU use was 19.6% (SD 19.2); non-ICU use was 5.5% (SD 6.3). In adjusted analyses, our base model indicated that a 1% point increase in ICU bed use (about 17 ICU beds on average) is associated with a 2.84 (*p* = 0.01, 95% CI \[.6, 5\]) increase in COVID-19 deaths over the next 7 days (Table [1](#Tab1){ref-type="table"}, model 1). The corresponding association for a 1% point increase in non-ICU bed use (about 130 non-ICU beds on average) was 17.84 more COVID-19 deaths (*p* \< 0.001, 95% CI \[11.1, 24.6\]). The results remain robust across a variety of alternate specifications (Table [1](#Tab1){ref-type="table"}, models 2--7).Table 1**Adjusted Change \[95% CI\] in COVID-19 Deaths over the Next 7 Days, Including Present Day (Days 0 to 6)**Model 1 (base)Model 2Model 3Model 4Model 5Model 6Model 7COVID-19 ICU use\*2.84 \[0.6, 5\]2.71 \[0.4, 5\]1.79 \[0.7, 2.9\]2.48 \[1.3, 3.7\]2.46 \[1.3, 3.6\]2.99 \[0.7, 5.3\]3.31 \[0.9, 5.7\]COVID-19 non-ICU use\*17.84 \[11.1, 24.6\]17.23 \[10.1, 24.4\]18.89 \[12.3, 25.5\]6.15 \[2.2, 10.1\]6.41 \[2.7, 10.2\]17.81 \[11, 24.6\]17.37 \[10.7, 24.1\]3-day lags of COVID-19 ICU useYesYesNoNoNoYesYes3-day lags of COVID-19 non-ICU useYesYesYesNoNoYesYesCumulative \# of casesYesYesYesYesYesYesYesCases in days 0 to −6YesNoYesYesNoYesYesWeek of year indicatorsYesYesYesYesYesYesYesDay of week indicatorsYesYesYesYesYesYesYesState indicatorsYesYesYesYesYesYesYesEstimatorGEEGEEGEEGEEGEEGEEGEESpecificationLog linkNeg BinLog linkNeg BinLog linkNeg BinLog linkNeg BinLog linkNeg BinLog linkNeg BinLog linkNeg Bin*N*1056106210561118113110561056\# Of states23232323232323Error correlationAR1AR1AR1AR1AR1AR2AR3Standard errorsRobustRobustRobustRobustRobustRobustRobustNotes: In our analysis sample, mean (SD, 25th percentile--75th percentile) of key variables were the following: COVID-19 ICU use was 19.6 (19.22, 7.8--22.1); COVID-19 non-ICU use was 5.5 (6.3, 1.5--8.8); total ICU bed capacity, 1678 (1677, 643--1891); total non-ICU bed capacity, 12,978 (12,418, 5581--15,462); COVID-19 deaths over the next 7 days, 234 (358, 40--276)Minimum number of days of data contributed by a state was 6. Maximum number was 65*GEE,* generalized estimating equation; *AR1*, autoregressive one-error structure (also known as first-order autoregressive process); AR2 and AR3 are similarly defined\*The ICU use was calculated as the number of current ICU patients with COVID-19 and then expressed as a percentage of the total ICU beds of that state. The non-ICU use was calculated similarly

Figure [1](#Fig1){ref-type="fig"} plots the association at different levels of ICU and non-ICU use. For example, when COVID-19 patients occupy 25% of all ICU beds in a state, a 1% point increase in ICU bed use would lead to 2.3 (*p* = 0.002; 95% CI 0.8, 3.8) additional COVID-19 deaths over the next 7 days. Similarly, when COVID-19 patients occupy 9% of all non-ICU beds in a state, a 1% point increase in ICU bed use would lead to 15.3 (*p* \< 0.001; 95% CI 9.6, 21.0) additional COVID-19 deaths over the next 7 days.Figure 1**Adjusted average association of 1% point increase in ICU or non-ICU use by COVID-19 patients on counts of COVID-19 deaths over the next 7 days, by levels of use.** ***Note*: Each point corresponds to closely represent the 15th, 25th, 50th, 75th, 90th, and 95th percentile of the ICU use (left) and non-ICU (right) on their corresponding distribution in our analysis sample.**

DISCUSSION {#Sec5}
==========

ICU and non-ICU bed use as a percentage of the bed capacity of a state were significantly associated with the increase of overall COVID-19 deaths over the next 7 days. The intensity of association for ICU bed use was higher than for non-ICU-bed use. One limitation of our study is that during the COVID-19 era, some states may have been able to expand their hospital beds. However, doing so for ICU beds was likely difficult due to infrastructure constraints. Our study quantifies the relationship between COVID-19 deaths and COVID-19 hospitalizations using actual data. These estimates provide a better understanding of the projections of the COVID-19 pandemic in the USA especially when states are gearing up to restart economic activities and provide important practice insights for hospitals in terms of assessment of hospital bed and ICU bed capacity and preparedness.
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